BACKGROUND: There are limited data regarding the outcomes of patients with preoperative weight loss.We sought to identify complications associated with preoperative weight loss in colorectal surgery.
RESULTS:
We sampled a total of 79,696 patients who were admitted nonemergently for colorectal resection. The rate of preoperative unintentional weight loss was 3%. There were associations between preoperative weight loss with preoperative hypoalbuminemia (serum albumin level , 3.5 g/dL) (adjusted odds ratio [AOR] 2.58, P , .01). Postoperative mortality (AOR 1.74, P , .01) and complications of myocardial infarction (AOR 1.97, P 5.03) and ventilator dependency (AOR 1.54, P 5.03) had strong associations with weight loss.
CONCLUSIONS: A history of unintentional weight loss can be used to predict mortality and morbidity rates and as a marker for nutritional assessment in colorectal surgery. Cardiopulmonary complications have significant association with preoperative weight loss.
Weight loss, with a prevalence of 30% to 50% in patients undergoing gastrointestinal operation, is a poor prognostic indicator associated with increased morbidity and mortality. [1] [2] [3] Furthermore, weight loss has been reported to decrease patient's response to surgery, radiation therapy, and/or chemotherapy. 4 It is important to recognize these patients before operation. Additionally, the prevalence of severe malnutrition among colorectal cancer patients has been noted to increase from 2.6% preoperatively to 19.9% after an operation. 5 In other words, malnutrition is significantly aggravated by surgery and compromises recovery, resulting in reduced quality of life for the affected patient. 5 However, early screening and treatment of nutrition problems in patients suffering from weight loss and malnutrition have been shown to improve outcomes. 6 Furthermore, recent studies have suggested that all surgical patients should undergo nutritional screening on admission to highlight malnourished or at-risk patients to try and decrease their perioperative morbidity and mortality. 7 Gastrointestinal cancer patients are considered to have a high risk for weight loss and malnutrition.5 Nutritional deficits may take up to a year to recover after an operation. 8 Nutritional problems, and subsequent weight loss, in gastrointestinal cancer patients can result from the local effects of the tumor, such as obstruction, or from alterations in metabolism of carbohydrates and proteins.9 In colorectal cancer surgery, preoperative weight loss has been introduced as a risk factor of advanced stage cancer which increases morbidity and mortality of patients as well. 10 However, there are limited data investigating the association between nonmalignant conditions and preoperative weight loss. Also, a study evaluating the associations between preoperative laboratory biochemical parameters and weight loss is lacking.
A number of previous studies have introduced risk factors for mortality and morbidity of patients who underwent colorectal surgery. Preoperative weight loss has been identified as an important factor associated with surgical outcomes. However, there are limited data analyzing associations between preoperative unintentional weight loss and specific postoperative complications. Using a large national database to analyze 19 postoperative complications, we aim to report on the incidence, outcomes, and association between unintentional weight loss and each postoperative complication in patients who underwent colorectal procedures.
Patients and Methods
This study was performed using the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) database from January 1, 2005 to December 31, 2012. ACS NSQIP is a nationally validated, risk-adjusted, outcomes-based program to measure and improve the quality of surgical care in the United States.
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ACS NSQIP provides preoperative to 30-day postoperative surgical outcomes based on clinical data. We considered patients who had undergone nonemergent colorectal resections for the diagnosis of benign or malignant colorectal tumor, diverticular diseases, Crohn's disease, and ulcerative colitis (UC) using the appropriate procedural and , and UC (556.0 to 556.9). Preoperative weight loss was defined as unintentional weight loss more than 10% of baseline body weight in the last 6 months before the date of surgery. Patients who had intentionally lost weight were not included.
Preoperative factors that were analyzed include patient characteristics (age, sex, and race), and comorbidity conditions include history of ischemic heart disease (history of myocardial infarction, cardiac angina, and congestive heart failure), history of peripheral vascular disease (history of rest pain, revascularization, or amputation for peripheral vascular disease), history of cerebrovascular disease (history of stroke, cerebrovascular accident, and transient ischemic attacks), renal failure need to dialysis, diabetes mellitus with oral agents or insulin, history of severe chronic obstructive pulmonary disease, partial or total dependency in activities performed in the course of a normal day in a person's life (bathing, feeding, dressing, toileting, and mobility) before surgery as a measure of functional health status, presence of ascites on physical examination or imaging within 30 days before the operation, chronic steroid use, history of bleeding disorders, esophageal varices, and hypertension requiring medication. Other factors analyzed included body mass index (BMI), hypoalbuminemia (serum albumin level < 3.5 days/ dL), anemia (hematocrit < 30), wound classification (clean, clean/contaminated, contaminated, dirty/infected), postsurgical complications, pathologic conditions, type of surgical intervention (total colectomy, partial colectomy, and proctectomy), and surgical approach (open vs laparoscopy). The overall rate of preoperative weight loss and the rate of postoperative complications by procedure type and patients' pathology were examined. Risk-adjusted analysis was performed to identify independent predictors of postoperative complications following colorectal surgery. Table 1 Demographics of patients who have undergone colon and rectal surgery BMI = body mass index; COPD 5 chronic obstructive pulmonary disease; CVD 5 cerebrovascular disease; IHD 5 ischemic heart disease; PVD 5 peripheral vascular disease. *History of stroke, cerebrovascular accident, and transient ischemic attacks.
†History of myocardial infarction, cardiac angina, and congestive heart failure. ‡History of rest pain, revascularization, or amputation for peripheral vascular disease. § Serum albumin level lower than 3.5 g/dL.
Statistical analysis
Statistical analysis was performed with SPSS software, Version 22 (SPSS, Inc, Chicago, IL). Logistic regression analysis was used to estimate the association between preoperative weight loss and each outcome, including in-hospital mortality and all of the considered postoperative complications. P values less than .05 were considered statistically significant. For each outcome, the adjusted odds ratio (AOR) with a 95% confidence interval (CI) was calculated and reported to estimate the relative risk associated with weight loss. Adjustments were made for the technique of the surgery (open vs laparoscopic), wound classification, age, sex, race, hypoalbuminemia, anemia, BMI, type of the procedure, patients pathology, and comorbidities of hypertension, diabetes mellitus, chronic obstructive pulmonary disease, ascites, steroid use, bleeding disorders, esophageal varices, functional health status, renal failure need to dialysis, ischemic heart disease, peripheral vascular disease, and cerebrovascular disease. Logistic regression was also used to describe the weights assigned to preoperative variables that best discriminate patients with preoperative weight loss from those without.
Results
We sampled 79,696 patients who underwent colorectal resection from 2005 to 2012. The mean age of patients 61 years with a standard deviation of 15 years; the majority of the patients were Caucasian (87.3%) and female (50.4%). The most common comorbidities included hypertension (49.1%) and diabetes (13.9%). Demographic data of patients are reported in Table 1 .
Of the patients who underwent colorectal resection, 2,387 (3%) patients had preoperative weight loss. The median length of stay in the hospital for patients experiencing weight loss was 6 days, while patients who did not undergo weight loss were hospitalized for 5 days. The adjusted mean difference in hospitalization was one day longer (P = .04).
The unadjusted mortality rate in patients with or without weight loss was 2.1%and .7%, respectively, while the adjusted risk of mortality in patients with weight loss was higher than patients without (AOR 1.74, 95% CI 1.14 to 2.66, P < .01).
Not surprisingly, there are significant associations between preoperative weight loss and preoperative hypoalbuminemia (AOR 2.58, 95% CI 2.27 to 2.94, P < .01), and preoperative anemia (AOR 1.49, 95% CI 1.29 to 1.72, P < .01).
If serum albumin level below 3.5 g/dL is used as a marker of malnutrition, the sensitivity and specificity of weight loss to identify malnourished patient were 8.21% and 97.52% respectively.
The risk-adjusted analysis for postsurgical complications associated with weight loss is reported in Table 2 .
Specific postsurgical complications found to have a relationship with weight loss include myocardial infarction (AOR 1.97, 95% CI 1.05 to 3.70, P = .03), pneumonia (AOR 1.56, 95% CI 1.12 to 2.18, P <.01), and ventilator dependency (AOR 1.54, 95% CI 1.04 to 2.28, P = .03). Table 3 and Fig. 2 illustrate the associations between preoperative pathologic conditions and preoperative weight loss. In a multivariate analysis, malignancy (compared with benign pathologies) had strong associations with preoperative weight loss. Also, UC, and Crohn's disease, had strong associations with preoperative weight loss.
Finally, Table 4 reports risk-adjusted analysis of mortality risk related to weight loss according to patients' BMI. Underweight patients (BMI , 18.5) had the highest risk of mortality after operation. Table 3 Risk-adjusted analysis of pathologies associated with preoperative weight loss in colon and rectal surgery patients AOR 5 adjusted odds ratio; CI 5 confidence interval; OR 5 odds ratio. *Includes sigmoid.
†Includes recto-sigmoid junction. ‡Includes transverse colon. 
Comments
Preoperative unintentional weight loss in patients undergoing colorectal resection is associated with a poor prognosis, significant mortality, and an observed increase in length of hospital stay.
Our data, which represent the largest to date on this topic, reinforce preoperative weight loss as an accurate predictor of mortality, morbidity, and 4 postoperative complications in colorectal surgery patients. Multivariate analysis of the data shows that preoperative unintentional weight loss of more than 10% during 6 months before surgery is associated with increased mortality and morbidity of patients by 74% and 23%, respectively. This is in line with a previous report of preoperative weight loss as a risk factor of mortality and morbidity. 10 Malnutrition and anemia have strong associations with preoperative weight loss. Patients with preoperative weight loss have more than a 2-fold increased risk of malnutrition compared with patients without. Our analysis confirms the earlier report of more than 10% weight loss in 6 months as a predictor of protein energy malnutrition by Collins. 12 Furthermore, the rate of anemia, which is a previously reported mortality and morbidity predictor in surgery, is revealed to be higher in patients with preoperative weight loss. 13 Our findings support the previously reported need for routine nutritional risk assessment before surgery, especially for patients suffering from weight loss. 7 Cardiopulmonary complications are at the top of the list of surgical complications associated with preoperative weight loss. In our multivariate analysis, we found 4 complications which had associations with preoperative weight loss. Postoperative complications of myocardial infarction, pneumonia, ventilator dependency, and unplanned intubation have the significant correlations with weight loss. The high rates of respiratory complications in patients experiencing weight loss can perhaps be explained by the weakness of respiratory muscles in malnourished patients.
14 However, there are limited published data regarding associations between weight loss and myocardial infarction. Further studies are indicated to evaluate associations between preoperative weight loss and postoperative cardiac complications. Postoperative pneumonia is also significantly higher in patients experiencing preoperative weight loss. This is in line with the report of higher rate of septic complications in patients with weight loss by Windsor and Hill. 15 Higher rate of pneumonia in patients with weight loss may be explained by impaired immune response in patients with preoperative weight loss. 16, 17 Our study results show that the presence of malignancy is associated with preoperative weight loss. However, there was no significant difference in weight loss rates between colon and rectal cancer. Interestingly, we found that patients suffering from Crohn's disease and UC had the highest rate of preoperative weight loss (6.8% and 5.8%, respectively). This confirms the higher rate of malnutrition and impaired muscle strength in patients with inflammatory bowel disease, which has been previously reported, even in the clinical remission phase. 18 We have found that using a history of weight loss as a screening tool to identify malnourished patients is not reliable. Although we found associations between preoperative weight loss and malnutrition, the sensitivity of using a history of weight loss as a screening test is low. If we use serum albumin level below 3.5 g/dL as a marker of malnutrition as suggested by the literature, 19, 20 the sensitivity of weight loss to identify malnourished patients is 8.21%. Complete nutritional risk assessment, not just obtaining history of preoperative weight loss, is suggested for patients undergoing major colorectal procedures.
Our study results show that underweight patients (BMI , 18.5) had the highest risk of mortality after operation. The mortality risk of patients with BMI less than 18.5 who had weight loss is increased more than 16 times compared with underweight patients who did not have preoperative weight loss. The effects of weight loss on surgical outcome decrease with increasing patient BMI and for patients with BMI R 25, weight loss did not have significant effects on mortality. Surprisingly, patients with BMI R 35 who had preoperative weight loss had lower mortality rate compared with patients without weight loss (.9% vs 0%). However, following multivariate analysis of the data, this difference was not statistically significant (Table 4) . Our results show that preoperative weight loss in patients with BMI less than 30 has negative effects on surgical outcomes, while weight loss in obese and morbidly obese patients may be beneficial. This is in line with a previous report indicating preoperative weight loss in obese patients is associated with fewer complications and better outcomes by Benotti et al. 21 Considering limited published data on this topic, further studies are indicated to understand these correlations.
Study limitations
This study is a large retrospective review, therefore subject to typical inherent biases for retrospective studies, such as selection bias. Data in this study were extracted from the discharge data of over 500 hospitals in the United States and there is a wide variety of in-hospital settings and surgeons' expertise, and possible coding errors that can affect the study. 22 Patients in this study did not form a homogeneous group and their primary diagnoses varied broadly. The weight loss variable in the study was defined as a greater than 10% decrease in body weight in the 6-month interval immediately preceding surgery, as manifested by serial weights in the chart, as reported by the patient, or as evidenced by change in clothing size or severe cachexia. We did not have any information regarding baseline weight recorded in the preceding 6 months for our patients nor the exact amount of weight loss. Some patients may have received supplementation or resuscitation for malnutrition which may have altered our results. Although adjustment with type of the procedure and type of the surgery was done for the study and only electively admitted patients were included in the study, we could not adjust our results with the complexity of operation which may affect study results. Patients were not tracked beyond 30 days from the date of surgery and we lack long-term outcomes. Although we adjusted the study results with many comorbid conditions, there may be some comorbid conditions which have associations with weight loss which were not included. Despite these limitations, this study is the first to report on postoperative complications associated with preoperative weight loss in colorectal procedures in this population subset.
Conclusions
Unintentional preoperative weight loss has an incidence rate of 3% in colorectal surgery. Preoperative weight loss is associated with increased morbidity, mortality, and length of hospital stay. There are significant associations between preoperative weight loss and preoperative hypoalbuminemia and anemia. A history of weight loss can be used to predict mortality and morbidity rates and as a marker for nutritional assessment in colorectal surgery. However, the sensitivity of weight loss for finding malnourished patients is low (8.2%) and complete nutritional risk assessment in addition to taking the history of preoperative weight loss is suggested for patients undergoing major colorectal procedures. In multivariate analysis, 4 postoperative complications have associations with preoperative weight loss. Cardiopulmonary complications are at the top of the list of surgical complications associated with preoperative weight loss. Our findings suggest that a more complete nutritional assessment of the colorectal surgery patient in the perioperative setting is warranted as perioperative malnutrition had significant effects on patients' morbidity and mortality. Our analysis also suggests that patients with a diagnosis of inflammatory bowel disease are the subset of colorectal surgery patients at the highest risk for preoperative weight loss.
